Reaching the 2°C goal will require rolling out CCS at an unprecedented scale. This in turn will require significant technology verification in all parts of the CCS value chain: Capture, transport, injection and storage. Flow assurance simulation tools such as OLGA are used in equipment design in order to estimate pressure and temperature ratings. Moreover, they are used in order to develop procedures for optimal and safe CO 2 transport operations including start-up, shut-in and blowdown. Therefore, it is critical to be aware of the capabilities and limitations of CO 2 flow assurance tools. In this work we look at the ability of two simulations tools OLGA and the SINTEF Energy in-house tool (1) in describing the behavior of CO 2 -mixtures during some pipeline operations.
CO 2 in CCS contains impurities, with compositions depending on both the source and the capture technology used. At the same time well established simulation tools like OLGA are currently not suited for CO 2 mixtures that contain low levels of impurities. This poses the highly relevant question: when is the assumption of pure CO 2 appropriate for modeling CO 2 mixtures?
It is well known that even small quantities (< 5 mol%) of impurities such as methane or nitrogen can significantly alter the thermodynamic properties of CO 2 mixtures as compared to pure CO 2 . One example is the saturation pressure, which is an important parameter in depressurization and in sustaining running ductile fracture in high-pressure pipelines (1) . Figure 1 shows the saturation pressure as a function of impurity content for some common substances found in CCS applications. It is clear that the effect of impurities depends not only on their amount but also on their nature. The study of CO 2 pipeline transport and injection for CCS purposes is currently limited to a handful of research projects and proprietary studies carried out by industry. Therefore, there is a lack of freely available experimental data that are suitable for model validation. Some pipeline depressurization data are available, for both pure-CO 2 and some CO 2 -mixtures. However, no data are publicly available for other pipeline operations such as shut-in, start-up and blow-down. In this work, we have executed experimental investigations to fill critical knowledge gaps in the open literature for CO 2 pipeline operations using the CO 2 transport test facility at Statoil's R&D center in Trondheim, Norway as described in references 3-5.
Shut-in experiments are conducted with pure CO 2 , under industrially relevant operating conditions of pressure, temperature and valve-closing time. The goal is to describe short-term fluid hammer effect, and the long-term pressure increase due to heat transfer from ambient. Furthermore, pipeline blow-down and full-bore depressurization tests are carried out for both pure-CO 2 and CO 2 -CH 4 mixtures (~5%). The goal with blow-down is to develop procedures for controlled depressurization (controlled Joule-Thomson effect) in order to avoid low temperatures that can reach pipeline design rating. Similar depressurization experiments with CO 2 -N 2 mixtures have been published earlier (4).
Experimental results are compared with simulations. For thermodynamics, the Span-Wagner equation-of-state is used for pure CO 2 (OLGA & SINTEF tool), and the EOS-CG-GERG equationof-state for CO 2 mixtures (SINTEF tool).
